Terpenoids, including monoterpenoids (C10), norisoprenoids (C13) and sesquiterpenoids (C15), constitute a large group of plant-derived naturally occurring secondary metabolites which chemical structure is highly diverse. A quantitative structure-activity relationship (QSAR) model to predict the terpenoids toxicity and to evaluate the influences of their chemical structure, was developed in this study, by assessing the toxicity of 27 terpenoid standards using Gram-negative bioluminescent Vibrio fischeri, in real time. Under the test conditions, at concentration of 1 µ M, the terpenoids showed a toxicity level lower than five %, with exception of geraniol, citral, (S)-citronellal, geranic acid, (±)-α-terpinyl acetate and geranyl acetone. Moreover, the standards tested displayed a toxicity level higher than 30 % at concentration of 50 to 100 µ M, with the exception of (+)-valencene, eucalyptol, (+)-borneol, guaiazulene, β-caryophellene and linalool oxide. Regarding the functional group, the terpenoids toxicity was observed in the following order: alcohol > aldehyde ~ ketone > ester > hydrocarbons. CODESSA software was employed to develop the QSAR models based on the correlation of terpenoids toxicity and a pool of descriptors related to each chemical structure. The QSAR models, based on t-test values, showed that terpenoids toxicity was mainly attributed to geometric (e.g., asphericity) and electronic (e.g., max partial charge for a C atom [Zefirov's PC]) descriptors. Statistically, the most significant overall correlation was the four-parameter equation with training and test coefficient correlation higher than 0.810 and 0.535, respectively, and square coefficient of cross-validation (Q 2 ) higher than 0.689. According to the obtained data, the QSAR models are a suitable and a rapid tool to predict the terpenoids toxicity in a diversity of food products. changes, and consequently protein inactivation [6]. The toxicity level depends on the interaction with membrane constituents, concentration and location. Relatively to the lipophilic compounds accumulation, which could occur at varying depths in the lipid bilayer, it depends on the compound hydrophobicity, as well as the influence of membrane composition on the incorporation of terpenoids into the system, or the effect of external factors (e.g., temperature on terpene penetration ability) [8].
Introduction
Monoterpenoids (C10), norisoprenoids (C13) and sesquiterpenoids (C15) constitute a large group of plant-derived naturally occurring secondary metabolites with a highly diverse chemical structure, having various biological activities in addition to a wide range of applications including its use as agricultural products, flavorings, pharmaceuticals and fragrances [1] . From a health point of view, terpenoids are known for their antibacterial, anticancer, anti-inflammatory, anthelmintic, antiviral and antimalarial properties [2] [3] [4] [5] . Terpenoids can function as antimicrobial agents to protect their natural hosts, with antibacterial activity occurring via disruption of the lipid membrane, resulting in alteration of membrane organization and functions [1, 6] . As a result of lipophilic compounds partitioning into the lipid bilayer damage occurs in the cell membrane by impairing vital functions (e.g., ions, metabolites, lipids, and proteins loss; dissipation of the pH gradient and electrical potential) [6] [7] [8] . However, enzymes and DNA have also been mentioned as possible targets, as lipophilic compounds tend to associate with the hydrophobic core of several proteins leading to conformational Figure 1 shows the terpenoids chemical structure used as authentic standards to evaluate the toxicity. Nerol (90 %), β-caryophyllene (98. 5 . For each terpenoid standard, an ethanolic stock solution was prepared (50 mM). From each stock solution, working solutions were prepared by diluting adequate amounts in order to obtain a final concentration of 0.2, 1, 10 and 20 mM. All solutions were stored at -20 ºC.
Terpenoids standards

Assessment terpenoids toxicity
V. fischeri terpenoids exposures were conducted according to the methodology previously described [24] . The bacterial strains used in this work was a bioluminescent marine bacterium V. fischeri ATCC 49387 (USA), that produce light without the addition of exogenous substrates, and its light emission is directly proportional to their metabolic activity. Fresh plate cultures of bioluminescent V. fischeri were maintained in solid BOSS medium (1 % peptone, 0.3 % beef extract, 0.1 % glycerol, 3 % NaCl, 1.5 % agar, pH 7.3) at 4 ºC. A NaCl concentration range from 20 to 40 g/L is needed to maintain the osmotic pressure of cells required to natural light emission to occur. Before each bioassay, one isolated colony was asseptically inoculated in 30 mL of liquid BOSS medium, and grew during 16 h at 25 ºC under constant stirring (120 rpm). An aliquot of this culture (240 µ L) was subcultured in 30 mL of BOSS medium, and grew overnight at 25 ºC under stirring (120 rpm) to reach an optical density (OD620) of ≈ 1.0, corresponding to ≈ 10 8 CFU/mL. For bioassays purpose, an overnight culture of V. fischeri was used after a ten-fold dilution in phosphate buffered saline (PBS: 30 g NaCl, 0.2 g KCl, 1.44 g Na2HPO4 and 0.24 g KH2PO4 per litre; pH 7.4) to achieve a final concentration of 10 7 CFU/mL.
For each terpenoids experiment, 10 mL of bacterial suspension were aseptically distributed in 100 mL acid-washed and sterilized glass beakers and 50 µ L of each standard working stock solution (0.2, 2, 10 and 20 mM in hydroalcoholic solution) was added in order to achieve a final concentration of 1, 10, 50 and 100 μM, respectively. Then, all beakers were wrapped with aluminium foil to protect from light exposure and incubated under 120 rpm stirring at 20-25ºC. A control experiment, consisting of bacterial suspension and hydroalcoholic solution, instead of terpenoids, was carried out simultaneously. Aliquots of 500 µ L of the C10 and C15 terpenic compounds and norisoprenoids standard and of the control were collected at different times (0, 20, 40, 60, 80 and 100 min) and the bioluminescence signal (peak wavelength detected at 420 nm, standard range 300 -650 nm) was measured on a luminometer (TD-20/20 Luminometer, Turner Designs, Inc., USA). Three independent assays were performed for each component and for the control and the results were averaged.
Calibration of bioluminescent signal and viable cell numbers
The correlation between the colony-forming units (CFU) and the bioluminescent signal (in relative light units, RLU) of V. fischeri was performed. For this purpose, eighth-fold serial dilutions of the culture were prepared in PBS with 3 % of NaCl. The non-diluted (100) and the diluted aliquots were spread plated in Triptic Soy Agar (TSA) with 3 % of NaCl (100 µ L) to determine the number of viable cells (CFU/mL), and simultaneous were read on the luminometer (500 µ L) to determine the bioluminescence signal. Both experiments were performed in triplicate and the results were averaged. Linalool C 10 Terpenoids 
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The QSAR models derived from MLR analysis were used for further validation study (in order 34 to select the reliable and robust models) by taking into account of highest squared correlation 35 coefficient (r 2 ), square coefficient of cross validation (Q 2 ), Fisher F-criterion value (ratio of regression 36 and residual variances and reflects the significance of the model) and Student t-test (reflects the 37 significance of the parameter within the model), as well as the lowest standard deviation (S).
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Generally, Q 2 is used as a criterion of both robustness and predictive ability of the QSAR model. shows the inhibitory percentage of V. fischeri exposed to 27 terpenoids (16 mono-, 8 sesquiterpenic showed toxicity lower than 21 %. The results showed that toxicity was proportional to standard 64 concentration, and at concentration of 100 µ M, the majority of terpenoids tested showed toxicity Finally, the terpene hydrocarbons (e.g., (+)-valencene, guaiazulene, β-caryophyllene) compared to the other tested terpenoids in this study showed low toxicity, which could be explained by their low water solubility that limits their diffusion through the medium. This data are in agreement with previous studies, where C10 and C15 terpene hydrocarbons tend to be relatively inactive 98 independently of their chemical structure, due to their limited hydrogen capacity and water solubility 
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(PNSA1×TMSA/1000) [Zefirov's PC]), one topological (Kier shape index 3 rd order, 3 κ) and one 151 quantum chemical (max atomic orbital electronic population, Max-OP) descriptors. According to the 152 t-test, the most significant descriptor to predict terpenoids toxicity was Q c max, followed by max atomic 153 orbital electronic population, 3 κ and WNSA-1. Q c max is an electronic descriptor calculated from sufficient to predict terpenoids toxicity. This is in agreement with previous studies that use CPSA For terpenoids concentration 10 µ M (equation 2), QSAR model was constituted by one geometric which describes the molecule deviation from the spherical shape, and calculated from the eigenvalue λi of the inertia matrix [35] . The positive sign of asphericity indicates that terpenoids toxicity was
